Abstract. The gapless, linear energy spectrum of graphene can lead to population inversion and negative dynamic conductivity in the terahertz range when graphene is optically or electrically pumped, which makes it possible to create a new type of graphene terahertz lasers. This paper reviews recent advances in scientific challenges to create graphene-based terahertz lasers.
Introduction
Optical or injection pumping in graphene structures can lead to the interband population inversion and negative dynamic conductivity [1] - [4] (see figure 1) , which provides an opportunity to create graphene terahertz (THz) lasers with pertinent laser cavity structures [5] [6], including surface plasmonpolariton waveguides [7] [8] . We discuss the importance of the carrier heating/cooling via optical phonons and of the excitation of surface plasmon polaritons to enhance the THz gain.
Results
Pumping graphene with rather high photon energy of ~eV extremely heats the carriers, hindering the population inversion [9] . Electrical injection with ~meV photons in graphene p-i-n junctions can minimize the carrier heating, and furthermore can give a possibility of carrier over-heating under high thermal conductivity conditions with high optical phonon decay rates (see figure 2) , which substantially enhances the THz gain [10] .
We theoretically discovered that when graphene carrier populations are inverted the excitation of graphene plasmons by the THz photons results in propagating surface plasmon polaritons with giant gain in a wide THz range (see figure 3 ) [7] . Furthermore, when graphene is patterned in a micro-or nano-ribbon array by grating gate metallization, the structure acts as an active plasmonic metamaterial, providing a super-radiant plasmonic lasing with giant gain at the plasmon modes in a wide THz frequency range [11] . 
